
Learning 
Ocean Science 
Through 
Ocean Exploration

Editor: Valerie Chase, Ph.D.

A Curriculum for Grades 6–12



iii

OCTOBER 2003

ACKNOWLEDGEMENTS

Project Manager: Paula Keener-Chavis, National Education Coordinator, NOAA Office of Ocean Exploration
Layout/Design: Sandy Goodwin, Coastal Images Graphic Design

Cover photos courtesy of Harbor Branch Oceanographic Institution, N. Forfinski, 
NOAA Vents Program and Woods Hole Oceanographic Institution 

This curriculum was produced for the National Oceanic and Atmospheric Administration (NOAA). 
If reproducing materials from this curriculum, please cite NOAA as the source, 

and provide the following URL: 
http://oceanexplorer.noaa.gov

FOR MORE INFORMATION, PLEASE CONTACT

Paula Keener-Chavis 
National Education Coordinator/Marine Biologist

NOAA Office of Ocean Exploration
2234 South Hobson Avenue, Charleston, SC 29405-2413

843.740.1338
843.740.1329 (fax)

paula.keener-chavis@noaa.gov



iii

INTRODUCTION TO THE NATIONAL OCEANIC AND 
ATMOSPHERIC ADMINISTRATION’S 
OCEAN EXPLORATION PROGRAM .....................................xi

INTRODUCTION AND GUIDE TO 
THE USE OF THE CURRICULUM ..................................... xiii
Introduction and guide to the use of these materials, 
the Ocean Explorer web site and CD and opportunities 
for teachers and students to become involved in ocean 
exploration

SECTION 1  
OCEAN EXPLORERS..............................................1
A brief discussion of the history of ocean exploration  
and technological advances in modern times

LP 1  Calling All Explorers ........................................................................ 4
An Ocean Explorer web quest for information on 
modern ocean explorers on the Deep East 2001 
Expedition                                        – Kimberly Williams 

 
SECTION 2  
MAPPING THE OCEAN FLOOR: BATHYMETRY......13
An introduction to modern ocean mapping and the rea-
sons it is critical to ocean exploration expeditions

LP 2  A Watered-down Topographic Map ..................................................16
Introduces students to major geographic features 
examined on ocean explorations: seamounts, rifts or 
mid-ocean ridges, banks or ridges, and submarine 

Learning Ocean Science through Ocean Exploration

Table of Contents



iv

Learning Ocean Science through Ocean Exploration oceanexplorer.noaa.gov

iv
v

oceanexplorer.noaa.gov Learning Ocean Science through Ocean Exploration

v

canyons. Students build models of features and then 
make bathymetric maps of models.                     

– Bob Pearson

LP 3  Mapping the Canyon ……………………… .... ………….22
Expands the process of understanding bathymetric 
mapping by practicing reading both a topographic 
map and a bathymetric map and comparing the two. 

 – Tanya Podchaski

LP 4  Mapping Deep-sea Features............................................................27
Students make a false color bathymetric map of the 
Loihi Seamount studied during the Northwestern 
Hawaiian Islands 2002 Expedition, using authentic 
data. They then map a three-dimensional clay model 
and compare their understanding of two- and three-
dimensional representations of the same feature.                

– Mel Goodwin, Ph.D.

SECTION 3  
CURRENTS .........................................................33
Understanding currents around underwater geologic 
features is essential to the safe conduct of ocean explora-
tion expeditions. Currents also affect sediment distribu-
tion and character as well as the distribution and abun-
dance of organisms around a feature.

LP 5 Speed Bumps in the Ocean: Deep Currents and Landforms ................35
Students test current speed and sediment distribu-
tion around models of ocean features such as sea-
mounts from LP 2.                          – Mel Goodwin, Ph.D.

SECTION 4  
OCEAN GEOLOGIC FEATURES.............................39 
Ocean explorations focus on unique geologic ocean fea-
tures. This section discusses their formation and func-
tion. Their location, characteristics and origins are 
included.



iv

Learning Ocean Science through Ocean Exploration oceanexplorer.noaa.gov

iv
v

oceanexplorer.noaa.gov Learning Ocean Science through Ocean Exploration

v

LP 6  Let’s Bet on Sediments....................................................................48 
How are sediments distributed on the northeastern 
US continental shelf? Does the Hudson Canyon influ-
ence sediment patterns?                      – Tanya Podchaski

LP 7  Mud is Mud … Or Is It? .................................................................54
Microscopic examination, using an Internet resource, 
allows students to study the origins and characteris-
tics of deep-sea sediments along the southeastern US 
coast.                                                       – Rachel McEvers

LP 8  The Biggest Plates on Earth.............................................................62 
Plate tectonics are as important to the deep-sea as 
they are on land.  This exercise provides a foundation 
for understanding the origins of mid-ocean ridges or 
rifts with associated deep hydrothermal vents as well 
as hotspots and seamounts.             – Mel Goodwin, Ph.D.

LP 9  The Galapagos Spreading Center.....................................................67
Interpretation of maps gives students a better un-
derstanding of the geologic processes and time scales 
associated with spreading centers and deep hydro-
thermal vents.                                        – Rachel McEvers

LP 10 AdVENTurous Findings on the Deep-Sea Floor .................................74 
Hands-on models illustrates the physical and chemi-
cal processes that occur at deep hydrothermal vents. 

– Barbara Eager

LP 11 Volcanoes, Plates, Seamounts and Island Chains .............................78 
A simple model demonstrates the process of sea-
mount formation, using real data from Alaska sea-
mounts for an understanding of time scales associ-
ated with formation.                          – Mel Goodwin, Ph.D.

LP 12 Islands, Reefs and Hotspots ...........................................................84 
Maps and data from the Hawaiian Islands enable stu-
dents to draw inferences about the process and sequence 
of the island chain’s development.      – Mel Goodwin, Ph.D.



vi

Learning Ocean Science through Ocean Exploration oceanexplorer.noaa.gov

vi
vii

oceanexplorer.noaa.gov Learning Ocean Science through Ocean Exploration

vii

SECTION 5  
OCEAN ZONES ................................................... 89 
While most ocean explorations focus on the deep-sea floor 
and its benthic ecosystems, there are also scientists on 
board many expeditions who are interested in the organ-
isms that live in open water—both pelagic swimmers and 
plankton. This section examines the physical factors that 
distinguish vertical zones in the ocean.

LP 13 All That Glitters . . . ....................................................................... 96  
Students use glasses that let them experience the re-
lationship between light and depth. They also observe 
what happens to colors at depth.            – Stacia Fletcher  

LP 14 Light at the Bottom of the Deep, Dark Ocean ...............................100
Students see the ocean world through the eyes of 
deep-sea fish and practice eating and being eaten in a 
dark and dangerous world.                 – Margaret Spigner

SECTION 6 
OCEAN PRIMARY PRODUCTION ........................ 105 
The creation of life-sustaining carbon compounds from 
inorganic components is the basis of life on Earth. The 
primary production of biological molecules is largely 
accomplished by photosynthesis, but chemosynthetic 
bacteria sustain several unique ocean ecosystems. These 
bacteria use energy from inorganic chemical metabolism 
to power the production of organic molecules as sources 
of energy and food.

LP 15 Being Productive in the Arctic Ocean ............................................109 
Students use data cards to assemble information 
about the physical characteristics of the Arctic        
environment that control photosynthesis in the       
far northern ocean.                          – Mel Goodwin, Ph.D.

LP 16 Chemosynthesis for the Classroom ...............................................120 
Bacteria are amazing. In this comparison of bacte-
rial communities grown in the light and in the dark, 



vi

Learning Ocean Science through Ocean Exploration oceanexplorer.noaa.gov

vi
vii

oceanexplorer.noaa.gov Learning Ocean Science through Ocean Exploration

vii

students witness the development of bacterial com-
munities that use chemosynthesis to sustain a model 
ecosystem just as chemosynthetic bacteria support 
entire deep hydrothermal vent communities.       

– Mel Goodwin, Ph.D.

LP 17 Biochemistry Detectives...............................................................123
Students use real isotope and enzyme data to deter-
mine which species in a cold methane seep commu-
nity are dependent on chemosynthetic bacteria, some 
using methane and some sulfur-based primary pro-
duction.                                               – Mel Goodwin, Ph.D.

  
SECTION 7 
INDIVIDUAL SPECIES IN THE DEEP SEA............129
Only a few unique species are the focus of this section. 
They were chosen because they are novel and strange. 
Deep vent tubeworms were totally unknown before 
1977. This section also considers the unique natural 
chemical properties of some species that may make 
them a source of useful human products in the future.

LP 18 Let’s Make a Tubeworm!..............................................................133 
Start your students’ tubeworm studies by making 
models of this strange organism.     

– Mel Goodwin, Ph.D.

LP 19 This Old Tubeworm......................................................................136 
Your students will use real data to study the ages of 
cold seep tubeworms—worms that may live longer 
than humans!                                   – Mel Goodwin, Ph.D.

LP 20 InVENT a Deep-sea Invertebrate ..................................................141 
Students use deep vent studies as a source for “in-
venting” invertebrates that are adapted to deep 
hydrothermal vent conditions.              

– Robin Sheek and Donna Ouzts

  
LP 21 Invertebrate Chemists .................................................................145
Marine invertebrates, especially those living at-



viii

Learning Ocean Science through Ocean Exploration oceanexplorer.noaa.gov

viii
ix

oceanexplorer.noaa.gov Learning Ocean Science through Ocean Exploration

ix

tached to surfaces, are especially subject to competi-
tion for space and exposed to predation. There has 
been selection among them for chemicals that are 
biologically-active against other species that reduce 
competition for space or discourage predators from 
eating them. These chemicals may be developed into 
commercial products some day.    – Mel Goodwin, Ph.D.

SECTION 8 
COMMUNITY ECOLOGY AND SAMPLING .............149 
Each ocean exploration expedition asks questions about 
the composition and structure of deep-sea communities. 
These communities change over time. Deciding how to 
sample them in the limited time available is a challenge 
for ocean scientists. The scientists are seeking to de-
scribe the distribution and abundance of deep-sea crea-
tures around the geologic features studied. 

LP 22 Who Promised You a Rose Garden?..............................................152 
Students use authentic data from hydrothermal vents 
on the Galapagos Rift to ask questions about the dis-
tribution of species around a vent in relation to physi-
cal conditions. They also address questions about the 
development and changes in the vent community over 
time.                                                        – Stacia Fletcher

LP 23 Biological Communities of Alaska Seamounts ...............................160 
Students use data to answer questions about the 
development and relationships of communities on a 
chain of Alaskan seamounts. Conservation issues re-
lated to protecting biological diversity are addressed.                                        

– Mel Goodwin Ph.D.

LP 24 Would You Like a Sample?...........................................................165
Students are challenged to design a sampling plan, 
execute the plan in a realistically complex Arctic 
Ocean seafloor community, analyze their data and 
compare the effectiveness of their plans.             

– Mel Goodwin, Ph.D.



viii

Learning Ocean Science through Ocean Exploration oceanexplorer.noaa.gov

viii
ix

oceanexplorer.noaa.gov Learning Ocean Science through Ocean Exploration

ix

SECTION 9 
EXPLORING POTENTIAL HUMAN IMPACTS .......173
While ocean exploration is about looking forward, many 
expeditions included some aspect of potential or past hu-
man impacts on the ecosystems studied. Here are two. 

LP 25 Seals, Corals and Dollars .............................................................176 
Students use information from web sites and other 
sources as the basis of their arguments about poten-
tial commercial exploitation of deep-water corals. 
Harvesting is complicated by the presence of an en-
dangered marine mammal—the Hawaiian monk seal. 

– Mel Goodwin, Ph.D.

LP 26 Polar Bear Panic! ........................................................................179
Students manipulate and graph three different data 
sets related to ice cover in the Arctic. They infer 
changes over time and speculate on potential impact 
of long-term changes on polar bears.                   

 – Mel Goodwin, Ph.D.

 



xi

oceanexplorer.noaa.gov Learning Ocean Science through Ocean Exploration

xi



xi

oceanexplorer.noaa.gov Learning Ocean Science through Ocean Exploration

xi

Introduction
By Captain Craig N. McLean

Director, Office of Ocean Exploration
National Oceanic and Atmospheric Administration 

NOAA is very pleased to bring you this curriculum, 
and to provide you with useful tools for ocean edu-

cation.  The ocean is a fascinating place.  The oceans 
bring life to our Earth, providing the world with oxygen, 
renewable resources, and an amazing variety of marine 
life, though much of it unseen.  An exciting world exists 
beneath the sea, filled with many secrets that are slowly 
being revealed.

The material in this curriculum provides an opportunity 
for the same kind of excitement and discovery that our 
scientists experience during their many journeys to the 
unknown parts of the sea, and an opportunity to convey 
that excitement with structured learning experiences.  
As you will see, while the accomplishments of science 
are many, there is still much about the oceans that we 
do not know. Considering that less than five percent of 
the world’s oceans have been truly explored, by work-
ing with these ocean science materials, you will be par-
ticipating in the discovery of a great frontier—the last 
remaining frontier on Earth.



xii

Learning Ocean Science through Ocean Exploration oceanexplorer.noaa.gov

xii
xiii

oceanexplorer.noaa.gov Learning Ocean Science through Ocean Exploration

xiii

When NOAA began its program in Ocean Exploration, 
it determined that it should allocate at least ten percent 
of its resources to education and outreach. As a result, 
professional educators participate in discovery missions, 
in curriculum planning and preparation of mission 
materials, including the work in this curriculum, and in 
going to sea.  Not everyone can make the actual journey, 
but by joining NOAA through the material in this cur-
riculum and by visiting our award-winning web site,       
http://oceanexplorer.noaa.gov, you can be part of 
the amazing world of ocean exploration.

It is very important to provide our young people with 
an education and awareness about the oceans today so 
that they can make informed decisions about their world 
tomorrow.  Your role in accomplishing that mission is 
perhaps the most important.  Within the reach of all ed-
ucators are the scientists and engineers of tomorrow, the 
future technological strength of our Nation. And within 
your reach is the power and importance of influencing 
young minds of all ages about the oceans.  That is an 
important opportunity, and an amazing responsibility.

Thank you for taking the journey with NOAA, at sea for 
the purpose of discovery, and in the world of education 
to help change the way America thinks about the ocean.  
Your job is most important. I hope we can make it a 
little easier.

     



xii

Learning Ocean Science through Ocean Exploration oceanexplorer.noaa.gov

xii
xiii

oceanexplorer.noaa.gov Learning Ocean Science through Ocean Exploration

xiii

Introduction and Guide 
to the Use of this Curriculum

When the National Oceanic and Atmospheric Admin-
istration (NOAA) established its Ocean Exploration 

Program, the Agency did something unusual for a pro-
gram focused on scientific ocean discovery as it launched 
multidisciplinary voyages of discovery to little-known or 
unknown ocean regions.  Following the recommendations 
put forth in the President’s Panel on Ocean Exploration 
Report entitled Discovering Earth’s Final Frontier:  A U.S. 
Strategy for Ocean Exploration, the Agency formed part-
nerships and collaborations among scientists, educators, 
and others to develop educational and outreach resources 
tied to these voyages of discovery to reach out in new 
ways to share ocean discoveries with teachers, students 
and the general public.  Through its Ocean Explorer (OE) 
web site at http://oceanexplorer.noaa.gov, this curriculum, 
the supporting professional development for teachers, and 
strong partnerships, NOAA is embracing unique opportu-
nities to engage explorers of all ages as it takes journeys 
into a world that few have ever seen.  

The OE web site provides an educational opportunity to 
anyone wanting to learn about, discover, and virtually 
explore the ocean realm. Near-real time exchanges with 
scientists and educators on the voyages of discovery are 
brought to the web site through educators who are skilled 
interpreters of information as well as scientists who com-
municate their enthusiasm and expertise directly to you.  
Content and media-rich, the web site contains thousands 
of pages of essays, videos, and images from NOAA’s Ocean 
Exploration voyages of discovery, covering an extensive 
range of ocean exploration topics.  Most of these voyages 
of discovery have grade-level specific student classroom 
lesson plans that are posted along with them. Classroom 
teachers and other educators use these activities to sup-

The National Oceanic and 
Atmospheric Administration’s 

(NOAA’s) Commitment to 
Share Ocean Exploration and 
Discovery through Education

NOAA Ocean Explorer 
Web Site 
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port learning ocean science through ocean exploration. 
These lessons use the National Science Education Stan-
dards (Standards) as a guide and the Standards are refer-
enced on each lesson plan.

The OE web site continues to grow each year as new 
voyages of discovery are added and previous ones are 
maintained. Since many classrooms are limited in their 
access to the Internet, NOAA has developed an Ocean 
Explorer web site companion CD that contains, as of 
this writing, the entire Ocean Explorer web site through 
January 2003. The CD operates just like the OE web 
site, letting students experience the same technology. 
This OE curriculum is designed to be used in conjunc-
tion with the Ocean Explorer web site and/or CD. It is 
greatly enhanced when students have access to addition-
al ocean science sites on the Internet that are referenced 
with each activity.

Good science curriculum has scope and sequence. It 
is focused on a set of grade levels and is organized in 
such a way that following it supports student learning 
in a logical developmental sequence in which each part 
builds on what came before. There are over 100 ocean 
science activities posted on the OE web site, organized 
independently by voyage of discovery.  Learning Ocean 
Science through Ocean Exploration takes activities se-
lected from the voyages of discovery and presents them 
in a comprehensive scope and sequence through subject 
area categories that cut cross the individual voyages of 
discovery. This curriculum was developed to take advan-
tage of the tremendous resources residing on the Ocean 
Explorer web site and to present lessons in a manner 
more conducive to teaching and learning in both formal 
and informal education settings.  

In order to build this curriculum, the editor assembled, 
evaluated and organized by theme all lesson plans posted 
as part of the 2001 and 2002 NOAA Ocean Exploration 

The Ocean Explorer Web Site 
Companion CD-ROM

What is 
Learning Ocean Science 

through Ocean Exploration?

Building 
Learning Ocean Science 

through Ocean Exploration
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field seasons. Naturally, there was overlap in content 
among the lesson plans since there was similarity in sci-
ence focus on the expeditions—seamounts have similar 
origins, for example. About one third of the lessons were 
selected for inclusion in this curriculum. Since students 
show wide ranges of abilities in middle and high school, 
we did not narrow the grade range suggested beyond sec-
ondary. An advanced group of eight graders who have had 
pre-algebra may perform at the same level as a general 
science class of high school seniors. Secondary teachers 
have the technical scientific background and developmen-
tal knowledge needed to select from among these activi-
ties. The Table of Contents indicates the original author of 
each exercise. All of the original lessons from the web site 
that were selected to be included in this curriculum were 
edited, some more extensively than others.

The themes were arranged in an order that progresses 
from physical science through earth science to biological 
and environmental science—ocean sciences include all 
of these content areas. A content introduction was writ-
ten for each of the nine themes identified. Each Section 
Introduction may have text written by one or more of 
the original lesson plan authors as well as text added 
by the editor. Each lesson plan on the Ocean Explorer 
web site assumes that the reader might use that lesson 
independently of other supporting materials, and so by 
design, there is a good deal of redundancy in content 
background supplied within lesson plans developed for 
and grouped within each voyage of discovery. Here, the 
activities have been edited, and the general content 
merged into the Section Introductions. 

There is slightly more proportional emphasis on physi-
cal and earth sciences in this curriculum than among 
the lesson plans found on the Ocean Explorer web site. 
As mentioned above, only about one-third of the 2001 
and 2002 lesson plans were used in the development of 
the Learning Ocean Science through Ocean Exploration 

Additional Lesson Plans
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curriculum. A listing of all the Ocean Explorer activities 
that relate to the topic of a particular content section 
can be found at the end of that content section. 

Look for Ocean Exploration Professional Development of-
ferings, including courses offered at annual conferences of 
the National Science Teachers Association (NSTA), at re-
gional and state science teachers’ association conferences, 
as well as in partnership with science centers and aquari-
ums and the National Marine Educators Association con-
ferences. Check the Ocean Explorer web site frequently 
for new professional development opportunities and new 
postings of Ocean Exploration voyages of discovery. 

This is not a complete ocean science curriculum since it 
is built around a set of explorations. If you are a teach-
er wishing to develop a comprehensive ocean science 
course, you will want to add a good bit more physical sci-
ence and atmospheric science as well as coastal process-
es and perhaps an introduction to ocean organisms and 
their taxonomy. For example, you will not find waves and 
tides here nor is there intertidal zonation since NOAA 
Ocean Exploration efforts thus far have focused largely 
on the deep ocean. Additional web sites referenced in 
each lesson plan offer additional ocean science activities 
to complete your ocean science course. 

What is unique here is the combination of the Ocean 
Explorer web site and/or CD and the lessons presented 
in Learning Ocean Science through Ocean Explora-
tion since they are designed to work together. Both give 
teachers and students a direct connection to the scien-
tists whose work they are modeling in the classroom and 
a direct connection to the exciting new discoveries on 
each NOAA Ocean Exploration voyage of discovery.

Editor: Valerie Chase, Ph.D.
Retired in 2002, after almost 23 years at the 

National Aquarium in Baltimore 

Future Opportunities

Comprehensive 
Ocean Sciences


